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ABSTRACT 

E a r l y  l i f t - o f f  d r i f t  and t o w e r  impac t  s t u d i e s  which had  
been  condiucted f o r  T i t a n  1 1 1 - C  and S a t u r n  V were a n a l y z e d .  Fo r  
T i t a n  1 1 1 - C ,  programmed b i a s i n g  was c o n s i d e r e d  , b u t  program man- 
agement d e c i d e d  i n  f a v o r  o f  a 50% p l a c a r d  o f  t h e  c o n s e r v a t i v e  
T i t a n  1 1 1 - C  s p e c i f i c a t i o n  wind t o  e l i m i n a t e  any p o s s i b l e  c o l l i s i o n  
problem.  

Y a w  b i a s i n g  was s e l e c t e d  f o r  S a t u r n  V as a means o f  
e l i m i n a t i n g  l a u n c h  day s u r f a c e  wind r e s t r i c t i c n s  f o r  h l l  f l i g h t s ,  
p a r t i c u l a r l y  thcse f l i g h t s  w i t h  low t h r u s t - t o - h e i g h t  r a t i o s  a t  
l i f t - o f f ,  and m i n i p i z i n g  LUT damage due t o  e n g i n e  h o t  g a s  impingement .  
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I N T R O D U C T I O N  

R e f e r e n c e  1 r e q u e s t s  an a n a l y s i s  o f  t h e  r e l a t i v e  l i f t -  
o f f  c o n d i t i o n s  o f  T i t a n  I11 and S a t u r n  V ,  and t h e  e f f e c t s  ~f pro -  
grammed. a t t i t u d e  c o n t r o l  from t h e  p a d .  Data u t i l i z e d  f o r  t h i s  
a n a l y s i s  have  b e e n  o b t a i n e 6  from t h e  l i s t e d  r e f e r e n c e s ,  d i s c u s s i c n s  
w i t h  MSFC p e r s o n n e l ,  and d i s c u s s i o n s  w i t h  T i t a n  I11 p e r s o n n e l  a t  
Mar t in-Denver .  The two a i r b o r n e / g r o u n d  c o n f i g u r a t i c n s  are  s i g n i f i -  
c a n t l y  d i f f e r e n t ;  however ,  as w i l l  b e  shown, t h e  problems o f  po- 
t e n t i a l  c o l l i s i c n  w i t h  ground equipment  immedia t e ly  a f t e r  l i f t - o f f  
were q u i t e  s imi l a r .  The s o l u t i o n s  t o  t h e  problems were d i f f e r e n t ,  
as t h e  d i s c u s s i o r ,  w i l l  show. 

SATURN V 

The pad  o r i e n t a t i c n  o f  t h e  S a t u r n  V v e h i c l e  w i t h  r e s p e c t  
t o  t h e  LUT (Launch U n b i l i c a l  Tower) i s  shewn i n  F i g u r e  1. A s  can 
b e  seen,  a 180° wind ( s o u t h  t o  n o r t h  wind)  c o u l d  f o r c e  t h e  v e h i c l e  
i n  t h e  d i r e c t i o n  o f  t h e  Ll jT ,  and t h i s  c o r i s t i t u t e s  t h e  basis  f o r  
c o n c e r n .  Summarized i n  Refe rence  2 ,  C'atecJ Ncven:ber> 9 ,  1 9 6 6 ,  a r e .  
t h e  r e s u l t s  o f  t h e  o r i g i n a l  s ix -degree -c f - f r eedom,  r i g i d - b o d y  dy- 
namics  a n a l y s i s  o f  t h e  s p a c e  v e h i c l e ' s  t r a j e c t o r y  frorr l i f t - o f f  
u n t i l  t h e  S-IC e n g i n e  n o z z l e s  c l e a r  t h e  t o p  o f  t h e  LUT. The e f -  
f e c t s  o f  d i s t r i b u t e a  n o n l i n e a r  aer20dynarr ics ,  f i r s t  o r d e r  a c t u a t o r s ,  
t h e  s c f t  re lease  mecharism,  and 3a v e h i c l e  u n c e r t a i n t i e s  were a l l  
c o n s i c e r e d  t o  g i v e  t h e  z e r o  w i n d  l i f t - o f f  t r a j e c t o r y .  It was t h e n  
c a l c u l a t e d  t h a t  a wind ampl i tude  o f  7 . 8  M/SEC would b e  t h e  l i m i t -  
ing. v a l u e  f o r  t ower  c l e a r a n c e ,  as shown on F i g u r e  2 .  T h i s  con- 
v e r t s  t o  a l a u n c h  wind c o n s t r a i n t t o  e x c l u d e a  l a u n c h  i n  any wind 
w i t h  a s o u t h e r l y  component g r e a t e r  t h a n  7 . 8  M/SEC. Such a wind 
c c n s t r a i n t  i s  shown i n  F i g u r e  3 a l c n g  w i t h  v a r i o u s  p e r c e r t i l e  wind? 
f G r  F e b r u a r y  and March. 

The o r i g i n a l .  a n a l y s i s  was u p a a t e d  by Rzfe rence  3 ,  da ted  
J u l y  2 1 ,  1 9 6 7 ,  u s i n g  i n c r e a s e d  c o n t r o l  s y s t e m  g a i n s ,  AS-501 r e a s u r e d  
c e n t e r  e n g i n e  p i s a l i g n m e n t ,  and a pr.ogrammed yaw b i a s .  The g a i n s  
had  b e e n  i n c r e a s e d  f o r  b e t t e r  c o n t r o l  s y s t e n  s t a b i l i t y  margins  
and t o  improve s u r v i v a l  i n  t h e  e v e n t  o f  c e r t a i n  m a l f u n c t i o n  con- 
d i t i o n s ;  however ,  t h e  c h m g e  a l s o  r e d u c e d  t h e  s p a c e  v e h i c l e ' s  l i f t -  
of f '  d i s p e r s i o n s .  The measu red  c e n t e r  e n g i n e  c a n t  o f  .91" j u s t  
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happens  t o  be i n  t h e  d i r e c t i o n  t o  s t e e r  t h e  v e h i c l e  away from t h e  
LUT. O f  c o u r s e ,  t h e  yaw b i a s  program, shown i n  F i g u r e  4 as a 
f u n c t i o n  of f l i g h t  tim.e, was s e l e c t e d  t o  i n c r e a s e  t o w e r  c l e a r a n c e .  

The r e s u l t s  o f  t h e  Eieference 3 a n a l y s i s  can  be s e e n  from 
F i g u r e  5 ;  a d e q u a t e  LUT c l e a r a n c e  i s  a s swed  even  w i t h  a 95 p e r -  
c e n t i l e ,  180° wind.  F i g u r e  6 shows t h a t  s i g n i f i c a n t  marg ins  e x i s t  
even  w i t h  a 9 9  p e r c e n t i l e  wind;  t h e  wind c o m t r a i n t  i s  e f f e c t i v e l y  
removed from t h e  v e h i c l e / t o w e r  in ;pac t  problem.  Tab le  1 summarizes  
all l i f t - o f f  c l e a r a n c e s ,  and shows t h e  e f f e c t s  o f  yaw b i a s i n g  and 
the  r e v i s e d  c o n t r c l  s y s t e m .  The t a b l e  a l s o  shows t h a t  t h e r e  a r e  
o t h e r  p o s s i b l e  i n t e r f e r e n c e  p o i n t s  d u r i n g  l i f t - o f f .  

Yaw b i a s i n g  was p e r h a p s  n o t  r e q u i r e d  f o r  AS-501--as 
shown by t h e  l a s t  e n t r y  i n  T a b l e  1. On s u b s e q u e r t  S a t u r n  V f l i g h t s ,  
however ,  where t h e  e f f e c t s  of wind are  more pronounced  due  t o  
lower  l i f t - o f f  t h r u s t  t o  weight  r a t i o s  (T/W = 1 . 2 4  f o r  AS-501; 
1.18 f o r  AS-504) and c e n t e r  eng ine  misa l ignmen t  may n o t  b e  f a v o r -  
a b l e ,  t h e  yaw b i a s i n g  w i l l  p r o b a b l y  b e  r e q u i r e d .  A m  a c d i t i o r L a l  
b e n e f i - t  o f  yaw b i a s i n g  i s  t o  h e l p  minimize LUT damage frorri e n g i n e  
hct  gaz i.rnpingement. 

TITAN I11 

Analyses  performec! for T i t a n  1 1 1 - C ,  R e f e r e n c e  4 ,  i n d i c a t e  
t h a t  t h e  s p e c i f i c a t i o n  winds could  f o r c e  t h e  v e h i c l e  i r i tc  t h e  ce -  
c i l l a t i o r  e n v e l c p e  o f  t h e  r e t r a c t e d  umbilical mast, as shown i n  
Figure 7 .  I ~ c l ~ t d e d  i n  Mar t in -Pe rLver ' s  d r i f t  s t u d y  were e i g h t  "random 
irideperident v a r i a b l e s ' '  , s u c h  as t h r u s t  v e c t o r  misal ignmeri t  , and 
c e n t e r  o f  g r a v i t y  o f f s e t ;  a l s o  i n c l u d e d  were f a c t o r s  s u c h  a s  In -  
e r t i a l  Guidance System ( I G S )  e r r o r  ar,d t h e  t h r u s t / w e i g h t  r a t i o  of' 
1 . 6 7 .  

One s o l u t i o n  t o  t h e  v e h i c l e / m a s t  inpingemerit  p rob lem 
coRsidered.  was 2. p i t c h  s t e e r i p g  p r c g i - a r .  The IGS i s s u e s  d i s c r e t e  
s t e p s  o f  a , t t i t u d e  commands of a p p r o x l r i a t e l y  0.18" p e r  s t e p .  F i g u r e  
8 shows t h a t  a t h r e e - s t e p  command would p r o v i d e  t h e  n e c e s s a r y  
c l e a r a n c e .  

An a l t e r n a t e  s o l u t i o n  would b e  a wind plaC2r.d. The 6 2 4 R  
s p e c f f i c s t i o r  wind i s  40 k n o t s  a t  15 f e e t  e l e v a t i c r ,  w i t h  t ke  f G 1 -  
l o w i n g  a1 t i tL ;de  v a r i a t i o n :  

T h i s  i s  a c t u a l l y  a ve ry  c o n s e r u a t i  ve ( h i g h )  s p e c i f i c a t i o n .  S i ccE  
t h e  w i n d  d r i f t  was a d d e d  t c ,  o t h e r  t r a j e c t c j r y  d i s p e r s i o n s ,  i t  accour . t s  
f o r  6 7  inches.  cf' t h e  92 i n c h  d r i f t .  A wind p l a c a r d  o f  50% c f  62118 
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s p e c i f i c a t i o n  winds g i v e s  o n l y  25 i n c h e s  o f  d r i f t ,  l e a v i n g  4 2  
i n c h e s  o f  c l e a r a n c e .  T h i s  was t h e  s o l u t i o n  s e l e c t e d  by t h e  A i r  
F o r c e .  

C R I T I C A L  GROUND W I N D  PROBAEILITY 

Tab le  2 i s  p r e s e n t e d  t o  g i v e  t h e  r e a d e r  a b e t t e r  ap- 
p r e c i a t i o n  of  t h e  p r o b a b i l i t y  of a c t u a l l y  e n c o u n t e r i n g  ground 
winds  o f  t h e  magnitude and d i r e c t i o n  n e c e s s a r y  t o  c a u s e  a c o l l i s i o n  
i n  t h e  c a s e s  d i s c u s s e d  above .  That  i s ,  i t  a l l o w s  t h e  reader  t o  
e v a l u a t e  t h e  s e v e r i t y  o f  t h e  l a u n c h  c o n s t r a i n t .  

SUMMARY 

I n  t h e  c a s e  o f  T i t a n  1 1 1 - C y  a 50% p l a c a r d  o f  a conse rva -  
t i v e  wind was used  t o  e l i m i n a t e  any p o s s i b l e  c o l l i s i o n  problem.  
The p r o b a b i l i t y  o f  e x c e e d i n g  t h e  50% wind a t  ETR,  even  i n  t h e  
w i n d i e s t  month, i s  r a t h e r  small ( 3 % ) .  Mart in-Denver  r e p o r t s  t h a t  
winds have  n o t  approached  t h e  l i m i t  l e v e l s  d u r i n g  t h e  l a u n c h e s  
t o  d a t e .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  Gemini Launch V e h i c l e  
tower  c l e a r a n c e  s t u d i e s ,  R e f e r e n c e s  5 and 6 ,  showed no c o l l i s i o n  
problems w i t h  99 p e r c e n t i l e  s u r f a c e  w i n d s ,  even  w i t h  a c t u a t o r  o f f -  
n u l l  e r r o r s  of . 7 " .  (The s p e c i f i c a t i o n  l i m i t  was . 2 5 O . )  

S a t u r n  V ,  AS-501 s t u d i e s ,  when l a t e s t  c e n t e r  e n g i n e  
misa l ignmen t  and c o n t r o l  s y s t e m  d a t a  were u s e d ,  i n d i c a t e  t h e  yaw 
b i a s i n g  was n o t  a c t u a l l y  r e q u i r e d .  However, when c o n s i d e r i n g  
l a t e r  v e h i c l e s  w i t h  lower  T/W a t  l i f t - o f f ,  and c o n s i d e r i n g  t h a t  
yaw b i a s i n g  t e n d s  t o  minimize  LUT b l a s t  damage, t h e  b i a s i n g  
a p p e a r s  t o  be  j u s t i f i a b l e .  

2031-JAL-mch J .  A .  L l e w e l l y n -  

A t  t achment s 
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-NOTE: 3C TRAJECTORY _ _  
1800 WIND - 7.8 WSEC 

HORIZONTAL TRANSLATION OF FIN TIP - METERS 

- 

NEAR PAD TRAJEClWY FOR 180' WIND SPEED LIMIT 

FIGURE 2 (FROM REF. 2 )  
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